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pL-N-Acetyl-1-benzyl-5-methoxytryptophan.—A suspension
nf 7.5 g. (0.0161 mole) of diethyl acetamido(1-benzyl-3-methoxy-
3-indolylmethyl)malonate (3¢) in 32 ml. of 2.6 N NaOH was
refluxed for 3 hr., clarified with charcoal, cooled to 5°, acidified
with 30 ml. of 2 N HCI, and refrigerated overnight. The pre-
cipitate of acetamido(l-benzyl-5-methoxy-3-indolylmethyl)ima-
lanic acid (5.9 g., 929 ) melted at 166-168°.

Anal. Caled. for CaHaeNaOg: N, 6.82. Found: 7.08.

A nixture of 5.5 g. (0.0136) of the acetanndomalonic acid, 100
wl, of ethanol, and 50 ml. of water wus reflitxed for 4 hr., distilled
(n vacuo to remove aleohol, and refrigerated overnight. The
crean-colored precipitate of pL-N-acetvl-1-benzyl-3-methoxy-
trvptophan was filtered off and dried (yvield 4.4 g.. 89.6¢7, m.p.
176~-177°). A =umple, recrystallized irom 30¢7 ethanol, melted
at 178-179°,

Anal, Caled, for CouHaN:Og () 63,83
Found: C,69.115 H, 6.35; N, 7.70.

pL-1-Benzyl-2-methyltryptophan (1b).—n»L-N-Acetyl-1-
benzyl-2-methyltryptophan (2.9 g., 0.0083 mole) was refluxed

H, 6.03; N, 7.65.
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for 24 Lir. with 13 ml. of 2 N NaOH solution, treated with clhar-
voal, filtered hot, and acidified to pH 5.5 with acetic acid.  Tlue
crystalline precipitate was reerystallized from 50¢ ctlunud;
vield 0.45 g. (157), m.p. 237-239°,
Anal, Caled. far CuHaN:Ow: Co 70950 H, 634 N van.
Found: ¢, 73.07: H, 6.21; N, 8.54.
LL-N-Acetyl-T-benzyl-2-methyliryptophan (12 g, mp. 284°
after reeryvstallization fraw ethanal) was recovered from the re-
cry=tallization mother liqaur,
vL-1-Benzyl-5-methoxytryptophan (l¢).--nL-N-Acetvl-i-
benzyl-t-methoxvtryptaphan (3.0 g., 0.0082 mole) was re-
fluxed with 14 ral. of 2 N NaOH for 25 Iir., filtered lLiot, rooled,
neutralized to pH 5.5 with acetic acid, and stored overnight
i the retrigeratar.  Tlee erystalline precipitate of ennle le
wag filtered off and recrystallized from 307 ethanol (vield 0D
€ 3300, mup. 232083 Tt melted nt 229-230° afler a4 seciul
recrystallization Mmoo 500 et hanuol.
il Caled. fore CpuHg NGOy O 7004050 H, G220 N Sk
Fowual: O, Hos 14 Nosod

2-Amino-3-methylthiobutyric Acid, an Isoleucine Antagonist!
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2-Amino-s-methylthiobutyrie acid, the thia analog of isuleucine, wax prepared i< a diaslereolsonmeric mixiure
Ly condensing 2-phenyl-4-ethylidene-s-axazalidone and methanethial in the presence of sodium methoxide, fal-

lowed by aecid hydrolysis of the resnlting intermediate condeusation product,

2-Aminv-3-methylthiobuiyrie

acid inhibits growth of Escherichia coli, Steeptococcus lactis, Leuconostor dextranicam, Lactobacillus casel, and

Leuconostoc mesenteroides at concentration levels of 8, 6, 60, 60, and 60 ~ /al., respectively.

A specific and ¢com-

petitive reversal of 2-amina-3-nethylthiobutyric acid toxicity by ixoleucine ix abserved with E. col¢ witll an in-
Litbition index of abont 30 aver a 100-fold range of Inereasing substrate cancentrations.

Substitution of a sulfur atom for a methylene group
in certain aliphatic amino acids has been successful
producing thia analogs which act as amino acid an-
tagonists. Among such analogs. S-carbamoyl-L-cysteine
{(4-thiaglutamine) has been found to inhibit the growth
of several lactobacilli by interfering with essential bio-
logical functions i1 which ghutaniine has a role, but its
toxicity 13 only partially and noncompetitively reversed
by glutamine.?  S-(3-Aninoethyl-v-cysteine (4-thia-
lysine) has been found to antagonize competitively the
utilization of lysine for the growth of Leuconostoc yiesen-
levoides P-60 and Lactobacillus arabinosus 17-5.°

I view of the biological activity observed with these
thia analogs, it was anticipated that the introduction of
a sulfur in place of the methylene group at the 4-posi-
tion of isoleucine riight produce an effective antagonist
of isoleucine i certain microorganisms, In this -
vestigation, 2-amino-3-methylthiobutyric acid was pre-
pared as a diastereoisomeric mixture, and its biological
properties were studied in Lscherichia coli 9723 and
several lactobacilli.

Experimental*

Organic Syntheses. 2-Benzamido-3-methylthiobutyric Acid.
~—To a solution of 4.8 g. of methanethiol in 100 wl. of absolute
nethanol, in which 0.3 g. of sodiuu had reac(ed, was added slowly

1) The support of (his work by Grant Ny R-085 frow the Roherce A*
Weleh Foundation of Houstun, Texas, is gratefully acknowledged.

(2) 1. M. Ravel, T. J. MeCunil, €. G, Skiuner, aml W, Siive, J. Biol.
Chene. 232, 159 (1648).
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asulution of BNS g0 af 2ephenyvl-4-ethyvlidene-s-oxazolidiuer in
100 ml. uf benzene at 3-10° with constant stirring.  After addi-
tion was complete, the reaction mixture was allowed ta stand at
40° for 72 hr.  The reaction mixture was acidified to pI 2 by
the addition vf 6 N HCI and then taken to dryness by remaval uf
the solvents under reduced pressure. The residual sulid was
extracted witl 30 ml. vl builing ethanol, and the insoluble material
was renwved by filtratian.  After chilling the aleahulie filtrate
ut a refrigerator uvernight, there was abtained 20.1 g uf white
crvstals, nLp. T A sanple reervstallized from hot el
mehed at 74-75°.
Anal. Caled. b CoHGNO: €
C, 5607 H, 6.30.
2-Amino-3-methylthiobutyric Acid (4-Thiaisoleucine: Hydro-
chloride Monohydrate.—A solutiin of 2 g. of 2-henzunidn-A-
wethyvlthiobutyric acid in 200 ml of 4 N HC was heated at reflux
tar 2 . The reactionn wixture was extracted twive with Ht-ial.
partiuns uf ether to remwve the benzoie acid. The aquenns
plase wis taken tooadrvoess i raevo, and the residual il was
treated with 10U 1l of benzene.  The resulting nixture was
allowed to stand several days at mwom teperature i orler
effect erystallization of the desired product. The solid was
rullecteld o a filter, washed with benzene, and dried iu a esiv-
catar under vacum {CaClil. There was obtained DY g of
chramatographically pure product whicli softened to a gelativuns
solid at 65-67° and melted ar 122-132° dec.
Anal. Caled. for CGGHINOwS-HCL-H.O: €, 2048 H. 6.92;
NLO.87 8, 15740 Found: O, 20.715 H,6.91; N, 7200 = 150K,
The It; values in I-butanol-acetic acid-water (3:1:1% 05,
pyridine, and 93¢ methanol were 0.50, V.67, and .48, respec-

S6.89: H, 207 Fonul:

1 Al inelting puints arve vurrecced. The wicraanalyses were purrfurmed
Ly Internatinnal Cliewical amil Nuelear Curp., City of Industry, Calif.
All B¢ Jata were determined using thie aseending teclinique of paper c¢hiva-
watography in the solveutsimlicated, and ninliyilrin reagent was used far the
developrnent of thie spots. The iufrared speetrurn was determined on a
Peckinan Instriinents, luv., Mwlel 1R-8 spectroplintoweter using tlie po-
tussituu browide pellet techninue and at a cancentration of 0.5 .

) ML . Curter, P Hawdter, awd ). D0 Moelville, J. Biol.. Cleww., 129,
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tively. An infrared spectrum showed strong absorption peaks
at 3.4, 5.8, 6.3, 5.75, 7.1, and 8.3 p.

Microbiological Assays.—For E. coli 9723, a previously de-
scribed inorganic salts-glucose medium® was used, and the or-
ganism was incubated at 37° for 15 hr. For the lactic acid
bacteria, a previously reported amino acid medium? was modified
by the addition of calcium pantothenate (0.2 g./ml.), by de-
¢reasing the amount of isoleucine (4 y/ml.), valine (15 v/ml.),
and leucine (15 y/ml. ), and with additional modifications noted
for eacli organism. For L. dextranicum 8086 and L. mesenteroides
8203, 0.02 +v/ml. of pantethine was added under aseptic condi-
tions, and the phosphate concentration was increased fourfold.
For 8. lactis 8039 and L. casei 7469, 4 v/ml. of L-glutamine was
added under aseptic conditions. The latter organism was in-
cubated at 37° for about 24 hr., and the other lactic acid organ-
isms were incubated at 30° for 30 hr. In all assays the amount
of growth was determined photometrically at 660 mu with a
Bansch and Lomb Spectronic 20 spectrophotometer in terms
of absorbance readings of the turbid culture medium against a
blank of uninoculated medium set at 0 absorbance. The amino
acid analog was dissolved in sterile water and added aseptically
to tlie previously autoclaved tubes.

Results and Discussion

As indicated in the accompanying equations, the
synthesis of 2-amino-3-methylthiobutyrie acid (IIT) was
adapted from the procedure for the preparation of 2-
amino-3-benzylthiobutyric acid® using methanethiol in

CHs:CH=C——CO
|

| CH,;SH CHS\ H*C1
N& O —————=  CHCHCOOH
C Na®OCHy pr o |
| s NHCOCeH;
CsHs
1 II
CH,
_CHCHCOOH
CHsS .
NH;* Cl
I1I

place of benzyl mercaptan as reactant with 2-phenyl-4-
ethylidene-5-oxazolidone (I) i1 the presence of sodiumn
methoxide. The course of this reaction should result
in a niixture of two diastereoisomeric forins of 2-benz-
amido-3-methylthiobutyric acid (II); however, several
attempts to separate these diastereoisomers by frac-
tional recrystallization techniques were unsuecessful,
even though this technique was satisfactory for the
separation of the diastereoisoineric mixture of 2-benz-
amido-3-benzylthiobutyric acid.® In view of the dif-
ficulty 1 separating these diastereoisomers through re-
crvstallizations, the resulting preparation of 2-benz-
amido-3-methylthiobutyric acid (IT) was converted by
acid hydrolysis to the desired aniino acid analog (I1I).
Paper chromatograms of the isolated material from the
reaction hydrolysis in several solvent systems showed
the presence of only otie ninhydrin-positive component.

This preparation of 2-amino-3-methylthiobutyric
acid inhibits the growth of several mieroorganisms, and
subsequent preparations did not vary appreciably in
their biological activities. Under the testing conditions
previously described, the concentration levels of 2-
anino-3-methylthiobutyric acid (ITI) required for com-
plete inhibition of growth with five different organisms
are recorded in Table I.  These inhibitory levels vary

(6) E. H. Anderson, Proc. Natl. Acad. Sci. U. S., 82, 120 (1946).
(7) J. M. Ravel, L. Woods, and W, Shive, J. Biol. Chem., 206, 391 (1954).
(8) H. E. Carter, . M. Stevens, and L. F. Ney. ¢hid., 139, 249 (1941).
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TasLe I
INHIBITION OF MIcROBIAL GROWTH BY
2-AMINO-3-METHYLTHIOBUTYRIC AcIp (III)
Inhibitory level of 111,

Microorganism® ~,(/ml.b
E. coli 9723 6
S. lactis 8039 6
L. dextranicum 8086 6()
L. caset 7469 60)
L. mesenteroides 8293 60

@ In the presence of 4 y/ml. of isoleucine and 13 v/ml. of valine
which are required for growth, except for E. colz. ¥ Amonnt re-
quired for complete ihibition of growth.

TasLE II

REVERSAL OF TOXICITIES OF 2-AMINO-3-METHYLTHIOBUTYRIC
Actp (II1) ror E. coli 9723 BY AMINO ACID SUPPLEMENTS

Minimal coneentration of analog

Amino acid supplement, for complete inhibition of growth,

- /ml. «4ml.
None 6
pL-Isoleucine
2 60
6 200
20 600
pL-Valie
2 6
6 6
20 20
pL-Leucine
2 6
6 6
20 6
pr-Isolencine + pr-valine
242 60
64 6 200
20 4+ 20 600
Threonine
0.6 20

@ Incubated at 37 ° for 15 hr.

TasLE 111

REVERSAL OF 2-AMINO-3-METHYLTHIOBUTYRIC AcIp (III) BY
pL-IsolLEUCINE 1N E. coli Y7234

————————— pr-Isoleucine. v/ml—————————
0 0.2 0.6 2.0 6.0 20
I y/mt. —————— Alsorbanee readings? ——————— —
0 0.75 0.73 0.72 0.75 0.75 .72
0.6 0.70
2 0.21 0.68 0.68
6 0.06 0.07 0,60 0.73
20 0.15 0.61 0.74
60) 0.12 0.61 0.71
200 0.00 0.61

600 .00

@ Incubated at 37° for 15 hr.  * A measure of culture turbidity
in which absorbauce readings of 0.52, 0.30, 0.15, and 0.05 are
equivalent to 0.76, 0.43, 0.215, aud 0.06 mg. of dryv weight of
cells/ml. of culture, respectively.

from1 6 v/ml for E. coli and S. lactis to 60 v/ml. for
the other microorganisns.

The effects of supplements of isoleucine, valine, leu-
cine, a mixture of isoleucine and valine, and threonine
upon the amount of 2-amino-3-methylthiobutyric acid
necessary for growth of E. coli were determined, and the
results are indicated in Table II. In the presence of
2-, 6-, aud 20-v/ml. supplenients of pr-isoleucine, the
inhibitory level required for complete inhibition is in-
creased to 60, 200, and 600 ~/ml.,, respectively,
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Crrowth toxicity of this amino acid analog is only slightly
affected by higher concentrations of vrL-valine (i.e.. in
the presence of 20 v/ml. of pr-valine. the mininal coun-
centration of antagonist required for complete thibi-
tion ts mmereased from 6 to 20 v ml) and is not affected
to any appreciable extent by pr-leucine,  Equal concen-
trations of a nuxture of isoleucine and valine are no
more effective than the isoleucine concentrations alone
i preventing the inhibttory effects of 2-auiio-3-meth-
vithiobutyrie acid,  However. threonine does prevent
the mhibitory effects of the antagonist apprecably,

Threonine ig kiown to serve as a precursor of isolet-
citte in L colz,? " and the reversal by threonine of an

an LR Uniharger aned 150 A0 Addelberg, . Buof, Ceew.. 192, 883 (10414,
(101 H. B 1 mbarser, J. Bactecivl,, 65, 203 (107155,
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tsoleteine anttagonist has been previonsly stndied in de-
rah

The mhibitory effects of 2-amino-3-meithylthiobutyrie
actd and its reversal by igoleucine have been studied
most extensively witlt E, colr, as indicated in Table 111
The growth mhibitions produced by this analog were
votpetitively reversed by hnereasing concentrations of
isoleucine over approximately a 100-fold range with an
imhibition mdex aatio of mhibitor to substrate neces-
sary for cowplere mhibition of growth) of about 30.
Front these results. bis apparent that 2-anino-s-1tet i-
viihobutyrie acid is a spectfic and effective amagonisi
ol ixoleucine i the mieroorganisims studied.

11y W, M) larvding awd W, Shive, S, Biel, Cieog,, 206, 101 1051

Synthesis of Sonte Pyrimidine Amino Acids by the Rhodanine Method

and Tests vs. the Ehrlich Ascites Carcinoma!
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Some pyrinidite amino aeids and intermediates (a-keta neids, e-thivketo acids, and e-oximine aeids) have
been =ynthesized by the rliodauine method from 2-mercapto-6-oxo-pyrimidine-4-carboxaldehyde and varinus

1- and 3-methyl and ethyl devivatives thereof.

The reduction of the oximino acids to the amino acids was per-

furmed with sodinm amalgam in alkaline solution followed by nentralization with a weakly acidic lon-exchange

resii.
in Ehrlich ascites carcinonia inn mive,

Granacher? has shown the applicability of rhodanine
to organie syntheses.  Its active methylene group per-
nits reactions with aldehydes yielding stable conden-
sation products.®  These are casily cleaved with alkali
to thioketo acids which are believed to exist in equilib-
rium with the tautomerie sulfhydryl forms since they
give a deep green color with ferric chloride.  Oximino
acids, produced by the action of hydroxylamine on the
thioketo acids, can be converted with sodium amalgam
to amino acids.* The oximmino acids also can be con-
verted with hydrochloric acid in the presence of formal-
dchyde (o the corresponding keto acid.®  This synthetic
sequence, if applicable to the pyrimidincaldehydes, was
considered to be of unusual interest since the intermedi-
ates as well as the amino acids might be expected to
show sonie antifumor activity in view of their structural
relationship to various metabolites.

The pyrimidine nucleosides and nucleotides are mi-
portant as coenzymes and as metabolic precursors of
the nucleic acids.  Cousequently, it is not surprising
that a number of bacteriostatic and carcinostatic drugs
are derivatives of pyrimidines. We have reportedT

(1) ‘This investigation was supporteill iy Public Health Serviee Granis
CA-06364-02, CA-06364-03, and CA-02756-08 from the National Camncer
Institute, and in a small part from the American Cancer Soviety Institutinonal
(irant to thie University of North Carolina.

12) Ta whom inquiries should be sent,

(3) Predoctoral Trainee supported by TDublic Healtli Service Training
Graut 5 TI-(1M-404-02 from the National Institute of Cleneral Medical
Sciences.

i4) C'. Granaclier, Helv. Chim. Acta, 6, 810 (1h212),

(i) P, L. Julian and B. M. Sturgis, J. A9 Ckem. Soc., 57, 1126 (1835).

(6) W, H. Perkin, Jr.. W. M. Rolierts, anil R. Robinson, J. Chem. Sov.,
101, 232 (1912).

Representative examplex of these conipounds were tested as inhibitors of growth and protvein synthesis

reeently that varous derivatives of pyrimidime-4-car-
boxaldehydes inhibit growth of the Ehrlich axcites
carcinoma in mice. [t seemed to be of mterest to pre-
pare various e-amino acids, e-keto acids, and o-thio-
keto acids with pyrimidine substituents i the s-posi-
tion for testing as possible inhibitors of tuntor growth.
It was found that these compounds could be prepared
from the rhodanine derivative as outlined previously.
The rhodanine derivative itself was of sonie biteres
siiee it can be considered to be a thio analog of a y-lac-
tone, and certain lactones®® have been reported ™! (o
inhibit tumor growth.  Substitution of pyrimidines in
ilie 3-position of the amino acid alanine night yield a
potential inhibitor of protein synthesis as well as mureleie
acid svnthesis, and the corresponding e-oxiino acid
would be of nterest in view of a previous report!'* of
antitumor activity in this sertes.  Substitution ol py-
riniidines in the g-position of pyruvie acid and thiopy-
ruvie acid might vield an inhibitor of lactic dehydroge-
nase as well as a pyrimidine antimetabolite.  This
niight be of special interest in the inhibition of tumors
t11 which there is particular dependence upon glycolysis!?
for whieh lactic dehydrogenase is an essential enzyme.

(7). Piantadosi, V. G, Skatasou, W1, L. Tevin, Jo AL Powell, awd L. 1all,
. Med. Chem., T, 337 (1064),
i8) 0. Doebner, Ber., 27, 344 {1894),
() R. Kuhn and ). Jercliel, rbid., 76, 413 (1943},
(100 P. B. Medawar, (3. M. Robinson, and R. Robinson. Nacure, 1851,
145 (1943).
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Vuturaissenschaften, 31, 468 11943).
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272 11459).
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